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pupils know something about culture media
for bacteria such as agar mixture, but since
the topic of the experiment is "Where are
bacteria found?" they should look for the
more common sources of natural bacteria
culture, such as milk, cooked food, soil
water, roots of leguminous plants, hay infusion, and teeth scrapings.
Again a reference that might prove helpful in this topic is Meier's The Study of
Living Things, p. 59 (Ginn and Co.).
Exercise 55, p. 284.
Other disinfectants may be tried besides
iodine, such as bichloride of mercury, potassium permanganate, carbolic acid, lysol,
salicylic acid, chlorine, hydrogen peroxide,
alcohol, formaldehyde, and mercurichrome,
as well as various combinations of table
salt or sugar.
Exercise 56, p. 347
Fish, such as sun perch, can be kept in an
aquarium for study while the unit is being
studied. A large aquarium of very few
fish are necessary. Water plants are desirable.
They can be used later for the experiments that call for dissection.
Exercise 61, p. 472
The common mistake made by some authors is that hay infusion gives paramecium.
This may happen if pond water or other
such sources of water be put over the
chopped hay, but if chlorinated tap water
or distilled water is used the single-celled
animals will not be paramecia. They may
be exytricha colpodium and others that have
ability to become cysts in the dry hay, but
since paramecium does not encyst, it is a
fallacy to leave the directions as they are
given. In preparing pure paramecium culture boil hay infusion to kill all other animals and cool. Innoculate with a small
number of paramecia.
Exercise 63
Part of this experiment could be used in
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connection with the unit, "How Circulation
is Carried On." Another part could be
used in connection with the unit, "How
Living Organisms Breathe." Otherwise the
exercise is too long to obtain understanding.
George W. Chappelear and others
SOME PROBLEMS OF
BIOLOGY
THE term biology most frequently
calls to the lay mind visions of bugs
and worms and all manner of crawly
things. Those of us whose life work it is
either to teach the subject to others, or to
further extend the boundaries of biological
knowledge by painstaking investigations,
may in the very intensity of our work be as
prone to miss some of the "bigger and better" bearings of biology on human life, and
the enrichment of the human mind and
spirit which come from the great truths of
biology itself and those which become evident when we survey the borderland between biology and other branches of natural
science, as our less well informed brother
to whom the thought of our subject is uninteresting if not actually repulsive. It is
the purpose of this brief article to note some
of the major problems of this science and
point out their application to human beings
that we may better understand one another
and the better appreciate some forms of
human need.
Biology, embracing as it does all scientific
knowledge concerning matter in the living
state, has for purposes of convenience been
grouped into a number of subsidiary sciences, most of which may be considered
from either the botanical or the zoological
point of view according to individual interest. Closely related to animal physiology
are the sciences of psychology and sociology. The investigation of the behavior of
animals as individuals and in groups brings
us to the realization that their various reactions differ from our own more in degree
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than in kind. Pathology, in its study of
the abnormal, of diseased conditions both
among plants and animals has been of untold value to mankind.
Paleontology,
which might be termed the biology of forms
long extinct, has given that balance to the
biology of the living which is essential to
the complete understanding of the plants
and animals of the present, and also to a
better comprehension of our fellow men.
It is these border-line sciences which intimately touch human life and serve to unite
complex human society with all living
things, thus emphasizing the essential oneness of all life.
Biology has given us one of the greatest
of Nature's laws, that of the continuity of
life; the idea that life, once started on this
planet, has continued in an ever increasing,
ever diverging stream to the present, and
will so continue as long as the earth supports it. Nor will this great truth be in any
wise altered should it be found that such
things as enzymes, filterable viruses of certain types, etc., represent substances intermediate between the living and the nonliving, and so indicate that the synthesis of
living substance from that which is inert is
still in progress. The concept of continuity at once suggests that as all living things
represent a continuum, co-operation is at
least as important a law of life as is struggle.
It is interesting to follow the course of
thought as the laws of nature become more
clearly understood; to trace science from
its dim beginning in charms and incantations to avert the wrath of vengeful gods to
the wonders of the present. Sometimes
misinterpretations of laws or undue emphasis on some one law to the exclusion of
others may lead to tragedy. From our biological infancy we have been taught the
Darwinian principles of the struggle for existence, the survival of the fittest and natural selection. No one will deny that these
are laws of nature, but there is another law
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just as important, and just as clearly taught
by Darwin. This is the law of co-operation, of mutual aid. All too often ignored,
possibly because of the flare we humans
have for the startling, the terrible, rather
than for the peaceful, the quiet, the law of
co-operation is the one which will eventually operate for World Peace, as yet a dream
of the future, one fears, because of the lack
of a complete understanding of the action
of this law.
\ e r n o n Kellogg in "Headquarters
Nights," a delightful series of conversations
published in the Atlantic Monthly when, as
a member of the C. R. B., he was stationed
at German Grand Headquarters, brings out
very clearly the warped idea of the Darwinian principles of the survival of the fittest, etc., held by the German leaders, some
of whom happened also to be leaders in biological investigation before the War. They
interpreted these principles of Darwin as
teaching that a superman must inevitably
arise as the result of human struggle.
Moreover, they believed that he must be
Teutonic, a German, since they held this
people most fit of all races to survive. It
was this attitude of mind, due directly to a
misunderstanding of Darwin's teachings,
which led to the World War. A fearful
price for failure to think straight by the
leaders of a nation! During the course of
his arguments with these men, Kellogg
points out the significance of the equally
important Darwinian principle of mutual
aid. He traces its development from such
simple symbiotic associations as those of
Hydra and alga in green Hydra, and of
fungus and alga in the lichen. Wholly unconscious though these instances of mutual
aid are, they yet lead by gradual transitions
to conscious associations for mutual helpfulness which culminate in the highest type
of human altruism and self-sacrifice. A
full understanding of the interactions of
these laws of biology will make possible a
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sane direction and control of human relationships.
Another fundamental law of biology, a
corollary of the law of continuity, is that of
growth. It may seem strange that so obvious a fact as the increase in size of a
plant or animal should be imperfectly understood, yet this is true, and upon the correct solution of this problem rests in a large
measure, the control of cancer. Since this
disease ranks second in mortality statistics
as a cause of human death, it is vitally important that it be controlled. One may ask
why it is that there is a connection between
control of cancer and the law of growth.
Whatever else may be involved, cancer results from the failure of whatever it is
which normally inhibits unrestricted cell
growth and multiplication to act. To understand the disease and so wipe it out,
necessitates learning why it is that a balance
exists by means of which no one tissue develops at the expense of the rest. To say
that it is heredity, or the hormonal action
of the glands of internal secretion, does not
answer the question. The cause goes
deeper than either of these. Woodruff, in
his classic experiments with Paramecium,
found that protoplasm is essentially immortal. That is, if all unfavorable extrinsic
conditions which prevent multiplication of
this animal be removed, it will go on dividing, reproducing, indefinitely. He calculated that had all the animals produced as
the descendants of a single individual during the eleven years of his experiment been
allowed to live, the resulting bulk of protoplasm would have exceeded that of the
earth! In this protozoan the factors which
inhibit growth seem to be extrinsic rather
than intrinsic; the result of unfavorable environment rather than due to any phenomena arising within the cell itself. Carell, in
his experiments with the heart muscle of
chick embryos, established the same essential truth, the inherent immortality of protoplasm. He demonstrated that if this em-
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bryonic tissue be grown in the serum of the
animal in question, kept free from bacterial
contamination, and incubated at the proper
temperature, care being taken to transfer it
to fresh food at frequent intervals, it continues to form new cells, to grow indefinitely. Others have obtained like results with
other tissues. The growth of cancer cells
has been studied by this method. Clark, of
the University of Pennsylvania Medical
School, has just perfected a method whereby cell and tissue growth can be studied in
the living, adult animal. Great progress is
being made toward the solution of the problem of growth, but the question of why it
is, that in the complicated adult multicellular organism, there comes a time when cells
no longer respond to the impulse to divide,
when there is no further increase in bulk,
remains a mystery. This must be solved if
we are fully to understand why and how the
brakes are removed in some instances; why
when the law of the ratio of surface to mass
again comes into play with unrestricted
cell growth and multiplication in a given
locality, cancer results.
Many of the problems of biology are
those of physics and chemistry as well.
Moreover, they lead us far into the past, to
the dim beginning of life's history upon the
earth. We know that protoplasm is made
up of common elements, that it is colloidal,
and emulsoidal. The problems of the chemistry and physics of colloids are also the
problems of biology. When solved, or even
better understood, they will throw much
light on the way in which living substance
has been synthesized from matter in the
more simple non-living state. When we
know these things we shall have definite
information on one more of creation's
dramas, and again the reality will doubtless
prove to be more wonderful than any poet's
dream.
When the Curies discovered radium they
transformed our lives, completely upsetting
our previous conceptions of the nature of
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matter. Since this discovery, great advance has been made in the science of radiology, and in the practical application of
this knowledge to human progress. In biology we are using this information to investigate problems of heredity, for in radium and X-rays we have powerful weapons
with which we can actually alter the structure of chromosomes and so change the expected nature of offspring. The fact that
these rays, if intensely used, will kill, has
made them useful in treatment of cancer.
Recently Milliken has discovered what he
terms "cosmic rays." These are believed to
come to us from outer space. They have a
far greater penetrative power than any rays
thus far discovered. We are constantly exposed to their action, but as yet we have no
idea of their action on living substance.
One of the problems awaiting biologists is
to determine this. It has been suggested
that the phenomena of degeneration accompanying old age, may in some way be associated with the lifelong bombardment to
which we are subjected by cosmic rays. Be
that as it may, it is "another story," not to
be solved save through much labor.
Believing that it is sometimes well for us
as teachers to pause and meditate, mayhap
to dream in an orderly scientific manner, I
have suggested a few of the fundamental
laws of biology with their bearing on human
life, both those whose operation, though indefinite, are yet deep in significance, and
those whose understanding appears, because pertaining directly to our bodies, to
be more immediately necessary. If this
presentation in any way helps its readers to
understand, or stimulates them to look further for biological help in living, it will have
done its work.
Ruth L. Phillips
In Nature there's no blemish but the
mind; none can be called deformed but the
unkind. Virtue is beauty.—Shakespeare.

[Vol. 12, No. 1

josiah holbrook:—
FATHER OF THE
LYCEUM
THE Lyceum is my pulpit," said
Ralph Waldo Emerson in 1836 when
asked to accept the pastorate of a
leading Boston church. He referred to a
system of lecturing before all sorts of audiences in all sorts of places that has in recent
years become known as the American Lecture System.
The Lyceum was the invention of Josiah
Holbrook of Derby, Connecticut, who
spread his idea for "associations of adults
for the purpose of self education" in October 1826 issue of the American Journal of
Education. Holbrook was a graduate of
Yale College, class of 1810, who in 1819
had started a school on his farm near Derby
for boys, the first school in America where
a popularized form of the natural sciences
was taught, and where manual labor was
combined with education. Poor boys were
allowed to pay a part of their tuition by
laboring on the farm.
But Holbrook himself was so interested
in the study of geology that he soon forsook
his school and began to study his favorite
subject by tramping over most of New England, studying the rock formations and lecturing to whatever audiences would assemble in the Town Halls in the villages and
hamlets through which he passed. He was
immediately impressed by the hunger for
information exhibited by nearly every man
and woman that attended his lectures. Intellectual hunger peered from their eyes
night after night, and it bothered him to
such an extent that he began to wonder if
something could be done about it. A typical
Yankee was this man Holbrook—and a
born educator, too.
A plan took form and finally found its
way on paper, but that didn't help much.
It only served to crystalize the plan more
fully in Holbrook's own mind. He finally

